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ABSTRACT

To study the effects of biofertilizers and foliar application of iron oxide nanoparticles on grain yield and
some physiological characteristics of black cumin (Nigella sativa L.), an experiment was carried out as
factorial in randomized complete block design with three replications at the erowing season of 2017, in
Agricultural College of Shahrood Universitv of Technologv. Treatments consisted of foliar anolication of
iron oxide nanonarticles at three levels (control. 1.5 and 3 ¢/L. water) as the first factor and biofertilizers
at five levels (mvcorrhizal funei Glomus intraradices and Glomus mosseae and two tvnes of egrowth
promoting rhizobacteria including Azospirillum and Azotobacter solution with control) as the second
factor. Results showed that the highest erain vield was obtained from inoculation with mvcorrhizal
funeus. Glomus intraradices. The interaction of foliar aonlication of iron oxide nanonarticles and
biofertilizers had a significant effect on antioxidant enzvme activities such as catalase. ascorbat
neroxidase and nolvnhenol oxidase as well as total. “a” and “b” chloronhvlls. The highest activitv of
catalase. ascorbat neroxidase and nolvnhenol oxidase enzymes were in 3 g/l water Iron oxide
nanoparticles treatment of and non-use of biofertilizers. The highest amount of chlorophyll “a” was
obtained from 3 g/L water treatment, with Glomus intraradices and chlorophyll “b” from the combination
of two concentrations of iron nano oxide with two mycorrhizal fungi. It seems that among the treatments
studied, Glomus intraradices had the highest effect on grain yield of the black cumin and application of 3
g iron nano oxide /L of water was highly effective in the photosynthetic pigmentation increasing and
antioxidant enzymes activity.

Keywords: Biochemical compounds, biofertilizers, Bback cumin, iron oxide, nano particle,
photosynthetic pigments.
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Table 1. Physiohemical properties of theexperimental site soil.

Nitrogen (%)  EC (ds.m’ pH Phosphorus Potassium Organic Silt Clay Sand Soil texture
D (Ppm) (Ppm) matter (%) ) ) (%)
0.11 1.8 7.66 19 205 0.3 44 32 24 Loamy-Clay

L8)S g0

Lok gedli slp (i 095 slajlens Jlosl iz
@ bab ol el 4 azg by 6,50 mil ab
ale b boyds g920 4 (SO o wivg mbe IS8
ol 5 IS MelS ey 5y 45 wiad bl
) g w39 JoS5 % s 55, s
o s ook aad Glol 2 (snysfw slag B
&)l Sygots laydy S 5 5 e (g5l 0l
L la)ld (55, 5 ob plml oL, ol asy,
S el ol alolidl 5 ab sailis, S
5 2048l al>yo 90y ol wSTeil 3l Jolxe
wof ple o sl (Bl sle 5l am atde o
Slao 6,503l Cyz (610 paiges ol ploul GLSI
plxl pos (LShglxe 5l an atia 9o @alllas 5,90
B b lalS YL 5 03b gl 5l lakiges
3am g wal okl Bolal Ogea 4l
oRKislesl & lasy 31 eolawl L (6,108 ool
ol e cuSiidle

cSsh zyb al p gy s O jpenr il
Sialesl sl ot i Ll S5 4 b ol JolS
20 s s 5 (0 STy 51 Jolono Jolis
Sl ) S pe el anuSTsil o8 o 5 S (Fo)
a4 (F2) ol 5l G o ol 0STeil o5 4w 5 (F1)
ety soosS Gl gyl 5 sl L5 lsie

Glomus intraradices sy 550 slog,B Jols
SASL g9 90 9 (Bo) Glomus mosseae ¢ (B)
Ba) 2Slgisl 5 (Bs) poeksypss] Jols w5 e
gy ped 1o Hlgie 4y (Bo) ol jlas ol e &
@8 Ol Qe 5 o555 5l el aslgls
9 99,0l 0lyg5 Hold Cann &S50 5l (65,0500 sl
S5l ady Syme slag Sk wisS g (riren
S ol el ags 8,8 adaes Gl s
s )5y abold e dw 40 e dw oialej] cpl o
485 Sl )0 e g0 aSel (o alols g e o
95 ) (55, 9 o ol b cuils Gldee aials
YWWAPIYIY 2o, 0 clls oldes 5 o il O



By ails o Shee p ol aSIol (Ll Jole § () 1095 15U 1o en 5 (6 g dieg A

A= As30— (0.25 x Ass7) ()
il e Jsbre i A lal, oyl o a5

Jsid b g VBB @3l coled g pSojluil cox
55 100 505 i3s3l a0 )las lagns]
atd PIN aoeal b Yge o) oland 3L L 5 cdl
byl YL @3] colld i gzl
Sliwd 3L Jold il des w4 15Ty
deSlyy cdn ol b Yeo Lo B¢ o
b a3l olas 5 Yee IFO 5pu
oBws alwgany (2iSTy Jodoe Qi Sl
Sy ety Gogil V- zga Jobo 50 fegidy iSon
VB a3l (€) dsels cuys cad ol akds
Ol Sl 5o 9 wilee oo pMICIT L
B L N T
bl el s cgz ab ol ol il
Sl an o 4 STy Lol laenST o2
L Ysedhee YO Sliwd 5L i e VA Jold
g1 Ve I s s s sossil o )las FIA azyapl
So 5o Sl FY 0 zee Job y0 9 0 Sl
P (€) chgald oo b 5 pSojlasl Jol daids
5 0l YV pMICM! ol oSt Joib L
2 JsesSen cmm p sl Clled Glie caled o
Kar & Mishra, ) o lo o5l célb »,5 5 aidos
(1976

Ty SbysSol o351 Codlad (g S0l
£S5 10 50, Gisen 5l ool o las g5
L Yol VO Slisd L L (olS 5 il
byl jid dee 99,085 Oj90 Cdn ahu
el b Yoo (oo YO Slind 3l Jolis ST
5 Voo 10 SlysSl o Yoo oo +/) EDTA (i
ojlasl Jos 39 Yoa oo VY (359,008 90uST
Jol aiieds S )0 Jegili YA+ zoe Job )0 605
SlysSl 35T (€) (igals i 85 loxil
Coles 55 5 2ibesa YA pMIC! L s jlaesT,
2 A8 o JgegSe con p el Cllad Gl
(Nakano & Asada, 1981) o ;Lo o3l <él 6,5
Ay 0,90 byl o, Slae (6,505l e
(slails Sl Bds 5lam ( Saww, al> o 0 g olS

e o0 e )5 g g kS s pSejluil e
ke i b ool cllyy gladiges Sy 5 il
Yo S L S W oJ.:jL..u M)o A uB—o.MJ‘
490 Sl T e e b jea il oo o adds
3 Jols SlBgd e ol Ow 9 b oals )3
23bods g b Al ) legi8y ISl DgsS o 5ads il
FEY 5 PYO DY FAe Glzge Job jo 4Bl
5 s ke Coles o 9wl Z8S gl
Wl dwlme Vg V) Laily, 5,k 51 ades )l

:(Arnon, 1994, Ardakani, & Nadur, 2009 )

Chly= 12/7 (Aees) — 2/69 (Agss) X —=— (1)
Chly=22/9 (Aess) — 4/68 (Ass3) ¥ oo (1)
Conr= /6 (Asso) — 1/49 (Asio) X —2— (T

W g 00l Bras ojlac pox> Vo dalg, cpl jo a5
dlon diged 09
s o 5 Z8lp S 00 o gidls omes sl
A Sl ol 5 Jgibl) ol Jgibl g g
4885 V0 Sae 4 g ad odwle (SO 4 A1 cad
(S Blo 3l ey o a0 il ye0 Feer o
prS ol ples o aido Ve Sae 4 (05) Joloe
oz Gl b ool S8 a0 A sl Lo
Voo e Jsb 5o 5 siegiby S bugs Lndigas
25 Jo=es® jleolaiwl Ly g o oalss il
(% absorbance) iz ws,d cw> g duwlxo
«(Krizek et al., 1998) o )Ly

100 7LOO Fla=ABS (300 nm) )
s 00— Byan o)lac w1V oy ol jo S
Al
oS 10 ke opuilowgtsl (i Giomis 6l
S 5 sl Jsloe (o (oo 5l b (BLS 8L
el ol ez sle SO jo Jgile ws e S
Jlzn o el w Y oo ay Jol> Jodoxe
294kl Ve Due ay Joloe e 5 o eSS
(s29y S8 OIS p 5l o 9k il 0 Fee
Fagls POV 5 0F+ oo Jy b o Lo Js lons i
alayl) sl oolaiwl b g ol (6 S ojlail valld & cod
Mita et al., 1997) o awle )



VY VWA i oF 5,Lad D) 890 o)l nl ely; LS asle

e 9 @b

a1s o ySloc

aS ole glas beesls il jly a0 51 Jol> ol
5 05 logine s 0 Sl fu; SloogS i e
ety sogS Jlite Sl 55 g oal annSTol e
asla ails o Slae 5 (gyld s ;b ¢ 0elSTgl
(Y Jgux)

WWah Sl p )5 e by e e S sladiy,
VO (gl j0 o Sid 5l g b oz o] slaails
ookl b weelw VY Goe a o Kl ax 0
Wb (ne8 Jezms 95l

SAS I58le 15 51 eolaiwl L oaal cawsay laosls
L bools (1Slee dslie g 2ol 4525 (/) aseud)
A plodl as s miy Jis| mhaw 0 LSD o,
EXCEL ab py 5l Lo Jgoz g Lo jlogoi v, 510
s eslarul

s 050 Dlio (s sgS g ol anSTgl b Jolome 36 bl 4525 - Jga
Table 2. Variance analysis of the effects of biofertilizers and foliar application of iron oxide nanoparticle
on measured traits.

Mean square

S.0.V Df G.r am Total Chlorophyll Chlorophyll Carotenoid  Anthocyanin  Flavonoid Ascmjbate Polyphenol Catalase
yield chlorophyll b a peroxidase oxidase
-8ns
Block 2 327.9™ 0.257" 0.096" 0.039" 0.057" 0.0003" 0.001™ 0.005" 0.0044™ 845%10
Iron‘ 2 53.62™ 4.815™ 2.116™ 0.623™ 0.136™ 0.012™ 0.356" 1.407* 8.241% 0.023™
Nanpaticle
Biofertilizers 4 36292.55" 17.80™ 6.142" 3.076™ 1.508" 0.009" 0.373™ 0.25" 1.403™ 0.002"
Iron
Nanpaticle 8 3.029 ™ 0.572" 0.523" 0.021" 0.006 "™ 0.0001" 0.011™ 0.037" 0.175™ 0.00014™
*Biofertilizers
Error 28 30.39 0.043 0.036 0.005 0.003 0.00006 0.003 0.004 0.0135 256x10®
(0% 3.97 5.33 12.27 3.13 5.39 5.66 3.56 8.74 6.90 1.52
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* ** and ns: significant at 0=0.05 and 0=0.01 of probability levels and non significant, respectively.
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Table 3- Mean comparison of the effects of biofertilizers and foliar application of iron oxide nanoparticle

on measured traits

Carotenoid (mg Anthocyanin Grain yield
Treatment
/g EW) (ng/g W) (g/m?)
Foliar application of iron oxide nanoparticle (g/L)
Control 095¢ 0.11¢ 13897 a
1.5 1.03b b0.15 140.28 a
3 1.14a 0.17a 136.55a
Biofertilizers
control 0.51d 0.102d 42.06d
G. intraradices 144 a 0.183 a 205.08 a
G. mosseae 144 a 0.172b 18591b
Azospirillum 1.01b 0.140 ¢ 128.67 ¢
Azotobacter 0.77 ¢ 0.135¢ 131.26 ¢
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Figure 1. Interaction effects of foliar application of iron oxide nanoparticle and biofertilizers on the
photosynthetic pigmentation. Fo, F; and F», are foliar application of iron oxide nanoparticle in 0, 1.5 and 3
g/L concentrations, respectively. Bo, Bi, B2, B3 and Bs, are control, Mycorrhiza G. intraradices, G.
mosseae, Azospirilium and Azotobacter bacteria, respectively.
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Figure 2. Interaction effects of foliar application of iron oxide nanoparticle and biofertilizers on the
activity of antioxidant enzymes. Fo, F1 and F», are foliar application of iron oxide nanoparticle in 0, 1.5
and 3 g/L concentrations, respectively. Bo, Bi, B2, B3 and By, are control, Mycorrhiza G. intraradices, G.
mosseae, Azospirilium and Azotobacter bacteria, respectively.
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